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???????????PI ???????????????????????????
?????????????????????????????????????????
?? 298?kPa??????????? 353?kPa??????????????????
???????PI?????????????????????? 302?kPa???????
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????????????. ???????????????????? M ????
?????, ???????. ?????????????, ????????? RF
???????????????????????, ????? RF ????????
??????????????. ????, ???????????????? SN ?
?????????????, ?????????????????????????
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??, ?????????????, ???, ?????????????????
????, DP??????. ????????, ?????????????????
???????????. ???????????????, ???????????
???????????????????????????????. ??????
??????? RMS???, ????? 0.05 mm, ????? 0.03 mm?, ?????
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???????????, ??????????????????????????. 
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? 1??
?
???
?
1.1 ?????? 
? ???????????????????, ???????? 3?? 1??????,
????????? 1???????. ? 1.1?, ???????????????[1].     
?????? 28 ?(2016 ?)????????? 10 ?????????, ?? 298.3, 
??? 158.4, ?? 95.4, ??? 87.4????????, ?????????????
????????????????. ???, ?????????????????
????, ???????????????????????????. ??????
? 6, 7??1994?, 1995??????????, ????????{?? 7?(1995?)1
???}?????????????, ????????????????, ????
????????????????????, ??????????. 
?
? 1.1: ???????????[1]. 
300
200
250
150
100
50
0
2015200519951985197519651955
year
de
at
hs
 p
er
 1
00
,0
00
 p
op
ul
at
io
n
cancer
heart disease
cerebral 
infarction
pneumonia decrepitude
- 2 - 
?
? 1.2: ???????????????[2]. 
?
??, ? 1.2 ??????, ???????, ?? 27?(2015 ?)?????????
???? 20%???? 1????[2], ??? Quality of Life (QOL)?????????
?, ??????????????????????????????. ??????
???????????????????????, ??????????????
???????????. 
?
??? ?????????
1.2.1 ????????? 
?????????????????????, ??????????, ?????
?, ??????????????[3]. ???, ?????????????????
??????????. 
 
?????????? 
 
1. ????? 
????????????????????, ???????????????? 
????. ?????????????, ???????????????????
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??????????????. 
 
2. ??????? 
????????????????????????????????????? 
???????????????????????????????????. 
20-35 MHz??????????????, ??????????????????
?. ????????????, ????, ??????????????????
?????. 
?
???????
?
1. ??????? {Pulse Wave Velocity (PWV) method} 
???????????????????????????????. ????
?, ????????????????????????, ??????????
?, ????????????????, ??????????????????
????????. ??????????????????????, ?????
?????????????????, ???????????????????
?????????????[4-6]. ???, ???????? cm????????
?????????????, ???????????????????????
???????????????????. 
?
?????????
 
1. B????????? 
????? 7.5?10 MHz?????????????????, ???????? 
?????????.? B?????????????, ?????????. 
(1) ?????????????????????????, ???????? 
???????, ??????????????????????????
???????. 
(2) ???????????????????????????????????
??, ????????????????????????.  
(3) ???????????????????, ???????.  
(4) ????????????????, ?????????????????
?.  
(5) ??????????????????????????? {intima-media?
complex thickness (IMT)} ????????.  
- 4 - 
??????????,? ?????????. 
(a) ??????? IMT????????. 
(b) ?????????????????????????????????? 
???. 
(c) ???????????. 
?
2. X? Computed Tomography (CT) 
X? CT?,  
(1) ??????????, ????????????, ???????????? 
???????????.  
(2) ?? 2 mm?????????, CT???????????, ????, ???
??? 0.5?1 mm???????????.  
(3) ????????????, ????????????????. ??????
??????????????????, ???? X ????(CT ?)????
??????????????, CT ???????????????????
?[7].  
(4) ??? CT??????, ???? (3?5 mm)??????????, ????
?????????????. 
?????????.  
? ??, ?????????, ????????, ?????????????, 
?????? 20 frame/s ?????, ????????????????????, 
???????????????????. 
 
3. ????? 
?????, X??????????????????????????????? 
????????. ?????????????????????????. 
?
4. ??????? {Magnetic Resonance Imaging (MRI)} 
MRI? ?????,  
(1)????????????????.  
(2)?????????????, ??????, ??????????.  
(3)?????? (Spin Echo)???, ??????????????????, ??
?????, ???????????????, ??????????????,
???????????????. 
??????. 
???????, MRI??????? X? CT????, ???????????
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????????????, ????????????, ????????????
????????????????????. 
 
??, ???????????????????????????????, ?? 
???, ????????????????????????????????? 
?, ????????????(IMT)???, ????????????????? 
??????????????????, ?????????????????? 
?????. ????????(IMT)??????? 1.2.2??, ????????? 
????? 1.2.3??, ???????. 
?
?????????????(IMT)???
IMT ????? 
 
IMT ? , ??????? Common Carotid Artery(CCA), ???? Carotid 
Bifurcation(CB), ??????? Internal Carotid Artery(ICA)????, ??????
????????????????????????????????. IMT ??
?????? 0.1 mm, ??????????????????????? 3 cm 
????????????????????????[8]. ? 1.3?, ???????
???????? B ??????, ? 1.4 ?, ??????????????? B
????????????. ??????????????????, ????, 
????-????, ????-??????????, ????, ????-???
?, ????-????????????????. ????-?????????-
??????????, ?? IMT ???, ????-?????????-????
??????, ?? IMT???. 
?
?
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?
? 1.3: ?????????? B????????? IMT????? 
?
?
? 1.4: ?????????? B???????????? IMT??????
?
?
?
?
?
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IMT ?????? 
 
1. IMT????? 
??????????????????????????? IMT ??????
?????????, ?????????? IMT ??????????????
??????[9], IMT???????????????????????????
???[10]. max IMT? 1.1mm???????, ???????????????
?????????????[10]. ???????????????? IMT ??
???????????????????????????????[11]. ???
?? IMT ????????????????????????????????
??. IMT?????????????????????????? IMT????
????[12]. ??????????????????????????????
????? IMT ?????????????????????????????
???? IMT?????????????[13]. IMT?????????????
?????????????????????????????????????
????????????????????????????, max IMT????, 
????????????????????[14]. 
 
2. IMT????? 
IMT ?????????? 9 μm/??????????????[9]. ? 1.5 ?, 
????????? mean IMT?????????, ????? mean IMT???
?????????????. ??????????(????????????
??????????)1%??????. ???????????? IMT????
????[15]. ??? IMT?????? 4??????????????????
?????????????????????[16, 17]. ????, IMT?????
?????????????????????. ???????????, ??? 
[18]?????? [19, 20], ??????[21, 22]???????????????
[23]??? IMT ??????????????????????. ??, ????
? IMT ?????????????, ????????, ???[24-26], ????
???????????[27]?????, ??????????????. 
?
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?
? 1.5: ???? IMT[12]. 
?
1.2.3 ???????? 
???????????? 
 
??????????????????????, ?????????????
???????????????????[28-30]. ??????????????
??????????, ??????[31], ??????[32], ?????????
??[33-37]?????????, ??????????????????????
???????????????????. ?????????????, ???
???????????????????????, ?????????????
?. 
?????, ??????????????????????????????
??, ????????????????[38]. ?????, ??????????
????????????????????????????????. ??
?
????????????? 
 
? ?????????????????????????????????????
???. BMI(Body Mass Index ???, ??????????????. ?? : ?? 
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[kg] ? ?? 2 [m2]) 30?????????, X? CT???????????????
???????????????, ??????? IMT, PWV(Pulse Wave Velocity??. 
1.2.1???)????????, ??, ????????????????????[39]. 
??, 2???????????, ???, ?????, ??????????????
????????????????????????, B?????????????
???? IMT? 1.1 mm??????????, ?????????, ???????
??????????????[40]. ?????????????????, IMT? 1.1 
mm ?????????????????????????[41]. ????????, 
??????????????????????????????????????
?????????????. ??, ??????? ??????????????
??, max IMT? 1.1 mm????????, ?????? 12????mean IMT???
?????, ?????????????, max IMT? 1.1 mm?????????, ?
??? 20?200 kPa????????????????, ???? 250 kPa?????
?????????[41]. ?????, ???????????????, ?????
???????????????????????????. ??, ????????
???????????????????????????????????? C ?
????????????????[42]. ????????, ???????????
?????????????, ???????????????????????. 
?
1.3 ?????? 
? ????????????, ??, ??????????????????????, 
???????. ???????, ??????????????, ??????
(IMT)?????????????????????. 1.3.1?, 1.3.2??, ??????
???, ??????? IMT???, ??????????????????????
?????????, ???????????????????????. 1.3.3 ??, 
1.3.1?, 1.3.2???????????????????????, 1.3.4??, ????
?????????. 
 
?
1.3.1 ?????????????????? 
?????????????????????? 82? (?? 71 ± 12?)????, ?
????????????????, ?????, ?????(IMT?????????
???????????, ??????????????????????????
?????????????[43]. ? 1.6 ?, ??????????????????
- 10 - 
???? IMT???????. ??????, ???????. 
?
? 1.6: (a) ?????????????? 
(b) ?????? IMT???[43]. 
?
? 1.6 (a)?, ?????????, ?????????????????????. ?
??????????? 330 kPa, ??????????? 640 kPa, P < 0.01?????
??????????????????????????. ? 1.6 (b)?, IMT????, 
?????????????????????. ???????????? 0.86 mm, 
??????????? 1.02 mm????, P = 0.42????????????. IMT?
?????????, ?????????????????????????,???
??????????????????????????????. ? 1.7 (a)? 82 ?
????????? B???????????, ? 1.7 (b)? 83??????????
? B??????????????. 
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?
? 1.7: (a) 82?????????? B??????????? 
    ?     (b) 83??????????? B???????????. 
?
? 1.7(a)??????????, ?????????????????? 1.7(b)?????
???????????????????????????. ?
??????????, IMT ???????????, ???????, ????
???????????????????????????????????. IMT
??????????????????, IMT?????????????????
???????????????. 
?
?
1.3.2 ???? IMT???????? 
??????????????? ????? ?????????, ??????
??????????????????????????????????, ???
??????? IMT??????[44].? ? 1.8????? IMT?, ? 1.9??????
?????? 
?
B-mode image elasticity image
B-mode image elasticity image
IMTave : 2.5 mm
Eave : 320 kPa
IMTave : 0.6 mm
Eave : 650 kPa
(a) (b)
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?
? 1.8: ???? IMT[44]. 
?
?
? 1.9: ?????????[44]. 
?
30???? 70???????, ?????? IMT???????????????
???????????. IMT, ??????????????????????, IMT
????????????????, ??? IMT, ?????????, ??????
???? 1. 10???. ??????, IMT????, ???????????????, 
 IMT?????????, IMT????????????????????. 
? 1. 10??, IMT????????????????, IMT???????????
????, ??????????????????????????, IMT ?????
????????????????????????, ?????????????
???????????????????????????????. 
?
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?
? 1.10: IMT?????????[44]. 
?
?
1.3.3 ?????? 
? 1.3.1?, 1.3.2?????????, ???????, IMT?????, ???????
??????????????????????.  
? ??????????, ??????????????????????????
?????????????????????????????????? . ?
1.11(a)???????????????????????????????????
?B?????, ? 1.11(b)??????, ? 1.11(c)?? 1.11(b)??????????M
?????, ? 1.11(d)?? 1.11(b)?????????? M ????????. ? 1. 
11(b)??????????????????? 250 kPa?????????, ????
???????????? 500 kPa????????????. ?????M????
???????, ????????????, ??????????????????
???. ??????, ?????????????????????, ??????
??????????. ?????????????????????, ??????
????????, ?????????????????????, ????????
????????. 
IMT ?????, ??????????????????, ???????????
? IMT???????????????????, ??????????????. ?
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?????????. ? 1.12(a)???-?????????????????????
??????. ??????????, ??????????????, ? 1.12(b)??
????, ?????????????????????????????????
???. ??, ????????????????????????, ????????
???????, ???????????????, ???????????????. 
  ??????????, ???????????????, IMT ?????????
?????, ???????????????????. 
 
 
? 1.11: ?????????????????????????????????? 
(a) B????? (b) ????? (c) (b)????????????M????? 
(d) (b)????????????M?????. 
    ?   
   
[MPa]
(b)(a) (c) (d)
0
4
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multiple 
reflection 
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? 1.12: IMT????????????????????????????? 
(a) B????? (b) ?????? (c) ?????????. 
   
?
1.3.4 ?????? 
? ???????, ??????????????, ??????(IMT)??????
??????????????????????????. ??, 1.3.3???????
??? IMT, ???????????????????, ?????????????
?????????????????????. 
 
 
??? ???????
? ???? ?????????
? ? ? ????????????????????????????????????????
? ? ? ?????????????????????????????????????
??????????????????????????????????????
? ? ? ?????IMT??????????????????????????????
?????????????????????????????????????
????????????????????
??? ? ???? ???????????????
???
- 16 - 
? ???
?
?????????????????????
??????
?
???????
?????????, ????????????????????????, ???
IMC ?????????????. ???, ?????????????????? 1 
cm??, ?????????????????? 2 cm???, ?????? 2???
???????????????????. ???????, ? 2.1(b)??????, 
????????????????????????? 2.1(a)???, 1 ??????
??????????, ????????????????. ? 2.1 ???, ????
??????????????????? 339 kPa????, ???????????
???????????? 753 kPa ???????. ???, ???????????
???????????, ?????????????????????, ?????
?, ?????????????????????. ??????, ????????
?????????????, ????????????????????????
???????. 
 
 
 
 
 
 
 
 
 
 
 
?
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?
?
? 2.1: ??????M???????????????????????????. 
(a) M??????????????? (b) M??????????????? 
(c) ?????????????????? (d) ??????????????????. 
?
??? ???????????
?????????, ??????????????, ??????? μm ????
????????????????????????????[45]. ????????
????, ??????????????????????????????? 2??
?????????????????????????, ????????? μm??
????????????????????[46-48].  
???, ?????????????????????????????????
?. ? 2.2 ????????????, ?????????????????????
????????????, ?????????????????????????
???, ??????????? θ(t)????. ?????????????????, 
??????????????, ?????????? 2?????????????
? Δθ(t) = θ(t+Tr) − θ(t)?????. ???, Tr??????????????????
?.  
?
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?
? 2.2: ????????????????????????[45]. 
?
?
?? d????????????? z(t; d) = zr(t; d)+jzi(t; d)??, ?????? Tr??
????? 2????????????? θ(t)??????????????????
???.  
{ } { }
{ } { }
/2
*
/2
/2
*
/2
; ( ) ; ( )
ˆexp{j ( )}
; ( ) ; ( )
C
C
C
C
M
r
m M
M
r
m M
z t T x t mD z t x t mD
t
z t T x t mD z t x t mD
θ =−
=−
+ + ⋅ +
Δ =
+ + ⋅ +
∑
∑
          (2. 1) 
? ???, x(t)???, D???????????????, Mc??????????
???????????, ?????????????????. ??, *?????
?, ^????????????. (2.1)???????? ˆ( )tθ ????, ???????
??? ˆ( )v t ?, ?????????? 2?????????? t+Tr/2??????, ?
?????????. 
0
0
ˆ( )ˆ
2 2
r
r
cT tv t
T
θ
ω
Δ⎛ ⎞
+ = −⎜ ⎟⎝ ⎠                                     ?   (2. 2)?
? ???, ω0???????????, c0???????????. ???, ????
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????????????????????????????????????
0
0
ˆˆ ˆ ˆ ˆ( ) ( ) ( ) ( )
2 2
r
r r
cTx t T x t v t T x t tθ
ω
⎛ ⎞
+ = + + × = − Δ⎜ ⎟⎝ ⎠              (2. 3) 
???????????????? ˆ( )v t ??????????, ????????
ˆ( )h tΔ ?????. ???????? ˆ( )h tΔ ?, ?????????? inˆ ( )x t ?????
?? adˆ ( )x t ????????. ?????, ??????????????????
?? inˆ ( )v t , adˆ ( )v t ??????, ????????? 1 ?????????????
??????????? ˆ( )h tΔ ?????. 
{ }in ad in ad
0
ˆ ˆ ˆ ˆ ˆ( ) ( ) ( ) ( ) ( )
t
h t x t x t v t v t dtΔ = − = −∫ ??????????????????????(2.4)?
???, ?????????????, ???????[49-51]. ????????
??????????=0.5???????, ???????????????. ??
?????????(2.4)?????????????, ????????. ? 2.3 ?
????????????????????, ???, ????, ????????
?.   
???????????, ????????, ?????????????. ??
????? T?, Laplace??????(2.5)?, ????????? σθ??(2.6)???
???. 
innerT p r=                                                            (2.5) 
innerr p
hθ
σ =                                                            (2.6) 
 
p, rinner, h???, ???????, ???????, ?????????. 
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? 2.3: ???, ????,??????[52]. 
???????-?????????, ?????(2.7), ?????(2.8)????
?. 
r z
r
r zE E E
θ
θ
σσ σ
ε ν ν= − −                                                   (2.7) 
z r
z
z rE E E
θ
θ
σσ σ
ε ν ν= − −                                                   (2.8) 
    Er, Eθ, Ez???, ???, ???, ???????, σr, σθ, σz???, ???, ???,
??????, ν?????????. 
    ??????????, 0.5,ν =  
?????????, r zE E Eθ= = , 
??????????????????, 0,zε =  
  ????, ?(2.6), ?(2.7), ?(2.8)??, ???????????????(??, ?
??)??(2.9)???????????.  
      1
/
23
8
d
d d
r pE
h h hθ
⎛ ⎞ Δ
= +⎜ ⎟ Δ⎝ ⎠
                                              (2.9) 
???, ??????????????????????????? hd, ????
rd ??, ?????????????|Δh|???(Δh <0). ???, ????????
????????????, ????????????Δp???. 
 
?
?
circumferential direction
inner
radius
rinner
wall thickness h
inner 
pressure p
radial direction
r radial direction
θ
circumferential 
direction
z z-axis direction
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??? ?????????????
1.3.1 ?????????????, ?????????????????????
??????????????????????, ???????????????
??????. 
??, ???? 4 ???????????, ??????????????????
??, ??, ??, ????? 2.1 ???. ??, ??, ??????????????
???????????????. 
?????????????????????????????????????, 
??????????????????????, ???????(KEYENCE VG-035)
?????????????????????, ???????. ?????????
?????????????, ?????????????Δh?????. 
????????????????????????? 2.4 ?, ????? 2.5 ??
?. ????, ???????????????FAZONE m????????????
??? L10-5????. 
?
? 2.1: ???? 4??????????????. 
 ???? ??????
??? [%] 
?? 
[mm] 
?? 
[mm] 
??? 
[mm] 
A A0°????? 
?? 
2 9 7 1 
B A7°????? 
?? 
2 9 7 1 
C A5°????? 
??(?????) 
5 10 8 1 
D A10°????? 
??(?????) 
5 10 8 1 
?
?
?
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?
? 2.4: ???????????????????????. 
?
?
?
? 2.5: ????????????????????????. 
?
?????????????????????????. ???????????
????????????????????????, ?????????????
??????????, ???????. 
?????????????????????????????????? 2.6?, 
pressure
sensor
to pulsating
pump 
rubber
tube
pressure
sensor
pulsating 
pump
ultrasonic
transducer
rubber tube
water tank
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????? 2.7 ???. ????????????????????????????
????????????? 2.8???. ? 2.8??????, ???????????
????????????????, ????????, ???????, ?????
??????????????. 
?
? 2.6: ????????????????????. 
 
?
? 2.7: ?????????????????????. 
?
?
pressure
sensor
to pulsating
pump
laser
photodetector
pressure 
sensor
pulsating
pump
rubber
tube
water tank
laser 
displacement 
meter
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??????, ?????????? Δd ????????????????? 2.9
???. ? 2.9???? A, B, C, D?????????????, ??????, ? 2.1?
?????????. 
?
? 2.8: ?????????????????????????????????.?
?
?
? 2.9: ?????????????-????. 
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? ? 2.9??????????????-????????, ???????????
??????(2.10)? Δp/Δd0????, ???????[31]. 
 
2
0
2 2
0 0
3
2
i
i
d d pE
d d d
Δ
=
− Δ
                                                    (2.10) 
   
???, di???, do??????. 
  ? 2.10 ????????????????????? ? 2.10 ??, ????? 1
???, ?????????????????????????????????
?????.?
???
?
?
? 2.10: ????????????????????????????. 
?
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??? ????????????
???????????????, ?????????????????????
??????????????????????????[53-55]. ????????
?????, ?? P??? ρ?????????????????????, ?? P?
?? ρ?????(2.11)?????. 
  
(2.11) 
 
??? P0?????????, ρ0?????????, C???, C0????????
?????.??, 
0
2
0 0
3
0 0
,
,
2 ( ),
A C
CB C
P
ρ ρ ρ
ρ
ρ
Δ = −
=
∂
=
∂
 
???. 
1????????, 2???? 2??????? 2???????????, 2??
???????????. ?? 3?, 4?????, ????????????????
1?2????????, ??????????? 2??????????. 
?(2.11)? 2??????????????????????, ?? C?????. 
B/A??????????, ?? C??(2.12)???. 
0
0
1 .
2
B PC C
A ρ
⎧ ⎫⎛ ⎞⎛ ⎞ Δ⎪ ⎪
= +⎨ ⎬⎜ ⎟⎜ ⎟⎪ ⎪⎝ ⎠⎝ ⎠⎩ ⎭
                                                (2.12)?
?????
??? 0P P PΔ = − ?
???. ?? C???? ΔP??????, ΔP????????, ?????????. 
ΔP??????????????, ??????????. ????, ???????
???????????????????????????????????????
???????????????? 
? ??????????????????? Δx ?????? 2 ?????????
ΔP2(x)???(2.13)??????[54]. 
2
0
2 3
0 0
2 ( )
( )
4
B P x x
AP x
C
ω
ρ
⎧ ⎫⎛ ⎞
+ Δ⎨ ⎬⎜ ⎟⎝ ⎠⎩ ⎭Δ =                                          (2.13) 
  ?(2.13)??, 2 ??????????, ?????? 2 ????????, ????
2
0
0 0
P P A B highertermsρ ρ
ρ ρ
⎛ ⎞ ⎛ ⎞Δ Δ
= + + +⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
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???????????????????????????????????????? 
????????????????, ???????????????????? 
??????, ????????????????????????, ??, ????
???????????[54]. ????????????????, ????????
?????, ??????????(PI)????????. ????????????
???????, ??????????????????????, ????, ???
???????????????. ????, ??????????, ???????
????????. PI??, ? 2.11??????, 1??? 2????????????
???????, 2???????????????, ?????????????, ?
2??????????????. ????, 2????????????, ?????
??????????, ? 2?????????????. ????, PI???, ???
???, ????????????????[56-59]. 
?????, ???????????, ??????????, ??? IMC(Intima- 
Media-Complex, ??????)?????????????????????, ???
???????, ??? IMC?????????????. 
? 2.12(a)??????? B?????, ? 2.12(b)?? 2.12(a)? B???????? 
?????????? RF ???????????. ? 2.12(b)? distance ????, ?
2.12(a)? B????????????. ??????, ????? 5.7 MHz?????
??????? 5.5 MHz???. ????, ??????????????? FC-1?
?????????????? HFL38????. 
?
?
? 2.11: PI???? 2?????????[58]. 
first transmitting wave form (up)
phase
inversion
waveform distortion due 
to tissue propagation
time
time
time
time
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time
time
time
time
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second transmitting wave form (down)
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?
?
? 2.12: (a) ?????? B?????, (b)RF?????????????. 
?
?
? 2.13: ????????? 
(a) ????????????????, (b)??? IMC??. 
?
? 2.12(b)? 1.5 mm??, 5 mm??, 9 mm????????, ??, ??????
???, ????????????????, ????????????.  
?????????????????, ????? IMC ???????????
???????. RF????????????? 40.0 MHz???, FFT??????
??, ?2.12(b)????????????, IMC????????Hanning Window?
????, ??????? 64???????[60]. ???????????????
?? 2.13???. 
? 2.13(a)?, 5 MHz????????????? 1??????????????
?????????????????????, ? 2.13(b)??, ?????????
? 5 MHz?????????, ?????????? 11 MHz????? 1????
???????. PI ????, ?????????????????????, ??
?????????????????????????????????. ???
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?? IMC ????????, ????????????????????????
????, 2.8??????. 
???????, PI?????? 2.14???. ?????, ??????????, 
????????????????, ????, ????????, ???????
???(5.5-13 MHz)??????????????????????????. 
?????, ??????????, ???????????? RF ??????
?, ? 2.15(a)? Up Pulse? Down Pulse????, ? 2.15(b)? Up Pulse? Down Pulse
???????????. ??????????, ??????????????? 
?????, ?????????????????????????. 
?
?
?
? 2.14: PI????????????. 
?
?
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?
(a) 
?
(b) 
? 2.15(a) : Up Pulse? Down Pulse???????????????????? RF??, 
? 2.15(b) : Up Pulse? Down Pulse??? RF??????. 
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? ??????????, PI?????? B?????, M??????? 2.16??
?. ??????????????? 5.5–13 MHz ?????????, ?????
?????, ????? 11.4 MHz, ??????? 11.0 MHz, PI????????, 
????? 5.7 MHz???????? 11.0 MHz?????.  
??????????? IMC(Intima-Media-Complex, ??????)???????
???????????? SN??? 2.2???.  
?
?
? 2.16: ???? PI?? B??????M?????. 
? ?
?
?
?
?
?
M-modeB-mode
2 mm
2 mm
0.2 s
0.2 s
基本波
Tx : 11.4 MHz
Rx : 11.0 MHz
PI 法高調波成分
Tx : 5.7 MHz
Rx : 11.0 MHz
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? 2.2: IMC??????? SN?. 
 IMC?????????? SN? 
[dB] 
??? 9 
PI? 20 
?
???? 9 dB, PI??????? 20 dB???, PI??????????????
?????????. 
?
??? ????????????????????????
???
PI??, SN???????, 1?????????? 2??????????, ??
???????????. ???????????, ???????????????
?????, 100 Hz??????????????????????????????
?????????. ????, ??? PI ???????????????????, 
???????????????????????, ?????????, ?????
??????????????. ?????, PI?? 2??????????????
??????????????????????????????????, ???
????????????????????????. ?????????????
2.17???. 
????(Up Pulse? Down Pulse)????????????, ??????????
?? RF?????? 2.15(a)??????????. Up Pulse? Down Pulse? RF??
??????????, ???????????????????????? 2.18 ?
??. 
?
? 2.17: ????????????. 
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?
? 2.18: Up Pulse?Down Pulse????????????????????RF????(???
??)????(?????)??. 
?
? 2.18?????????????, ??????????????, ????? 
???????, ???????????????????????. 
? ??, ????????? θharm?, ????????? θfund?????????? 
???????.? ????????? θharm?, ????????????? θfund? 
fharm/ffund???????????. ???, ? 2.19????, ????????? 
????±π??????????, -π/4?????.??????, ???????? 
?? 7π/8????????????????, 1???????????-π/4??? 
?????, 7π/4????????????????. ?????????????? 
?, ??????????????????????, ?????????????? 
??????. ???, ?????????? 11.0 MHz, ??????? 200 Hz?? 
?????, ?(2.2)??, ????????????? 0.35μm?????????? 
???????????. PI??????? 5.7 MHz, ????????????? 
11.0 MHz, ??????? 100 Hz???????, ????????????? 
0.18μm??????????????????, ?????????????5.5 MHz 
?????????????????????, ????????, ???????? 
????? 0.35μm???????????????????????????. 
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?
? 2.19: ??????????????????. 
?
??, ?????, ????????? θharm?, ????????????? θfund?
fharm/ffund????????, ????????????, ??? fharm/ffund???????
??, ??????????, 1?????????? W????, ?(2.14)?????
????, ?(2.15)??????? n????, ????????? θharm????. ??
??, ????????? θharm?????????? θfund? fharm/ffund????????
?? π/10??????????, ???????? W ?, W = π/5?????????. 
?
,1
2
,1or0
22
,0
22
,1or0
22
,1
2
fund
fund
fund
fund
fund
=⇒π<θ≤+π
=⇒+π<θ≤−π
=⇒−π<θ≤+π−
−=⇒+π−<θ≤−π−
−=⇒−π−<θ≤π−
nW
nWW
nWW
nWW
nW
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? (2.14)?
 
??????, n??????? 
.22)( undharm fnne θ−π+θ= ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? (2.15)?
? e(n)?????? n???????. 
n=0n=1
θharm
θfund
θfund×－ffund
fharm
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? 2.20(a)? PI ??????????, ? 2.20(b)? PI ??????????, ?
2.20(c)??????????????????. ? 2.20(a)?????????????
????????????????, ? 2.20(c)????????, ? 2.20(b)?????
????? 2???????????????. 
 
 
?
? 2.20: ?????, ?????, ??????????? 
(a)????? (b)????? (c)???????????. 
 
?
??? ??????????
????? ?????
?????????????????????????????????????
??????, ???????????????????. ????????????
?????????????, ????????????????. ????????
???, ?? 1 mm, ?? 8 mm???, ???????????? 5%?????. ??
???????, ?????(Keyence GP-M001)?????. ????????? 2.21
?, ????? 2.22???. ???, 2.4?, 2.5?????, ????????????
??? FC-1??????????????? HFL38????. 
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?
? 2.21: ??????????. 
?
?
? 2.22: ??????????????. 
?
?
?
?
?
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?
? 2.23:??????????????????? 
(a) ???????????? 
(b) ?????????????. 
 
?????????????????????????????????????, 
? 2.23???????????????????????, ??????????, ?
????????????, ?????????. ????????????????
?????, ???????????? 66.7 Hz, PI?????????? 33.4 Hz??
???. 
?
???????????
???????, ?????????? 11.5 MHz, ??????????? 11.0 
MHz??????. PI?????, ????????? 5.7 MHz, ?????????
??? 11.0 MHz, ???????????? 5.5 MHz?????????. B????
?????????????? 19 ???????????????????. ???
??????????, ? 2.24???. 
? 2.25?, ???????????????????, ? 2.26??????????
??????????, ? 2.27?????????????????????, ? 2.28
??????????????????????(a)M ?????, (b)??-?????
???, (c)??-????????, (d)???????. ? 2.25(a)?? 2.27(a)?????
????????, ? 2.26(a)?? 2.28(a)???????????????????, ?
??????? 2.27(a), ? 2.28(a)? PI ?????????????????????
???????. ??, ? 2.27, ? 2.28?????????????????????
??????, ???????? 3π??????. 
stepping
motor
pump
ultrasonic
transducer
tube
water 
tank
pressure
sensor
multiple    reflection 
noise
(a) (b)
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? 2.24: ???????????? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5 mm
19line 
- 39 - 
 
? 2.25: ??? 
??????????????. 
(a)M????? (b)??-???????? (c)??-???????? (d)????. 
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? 2.26: ??? 
??????????????. 
(a)M????? (b)??-???????? (c)??-???????? (d)????. 
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? 2.27: ???? 
??????????????. 
(a)M????? (b)??-???????? (c)??-???????? (d)????. 
 
 
 
 
 
 
1.3
4 mm
3π/2
0
time [s]
0
-3π/2
3π/2
0
-3π/2
10
0
-70
(c) phase shift a t adventitia-media boundary
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? 2.28: ???? 
??????????????. 
(a)M????? (b)??-???????? (c)??-???????? (d)????. 
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4 mm
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(d) change in thickness
(a) M-mode
(b) phase shift at intima-lumen boundary
anterior  wall
posterior  wall
lumen
0.65
thickness
[μm]
phase
[rad]
phase
[rad]
- 43 - 
?
? 2.29: ??????????????(? 2.22)??????????. 
?
(a)??????M????? (b)????????-???????? (c) ????????-
????????? (d)??????M????? (e)????????-???????? (f)
????????-???????? (g)??????M????? (h)???????-???
?????? (i)???????-????????. 
?
? 2.29?, ???????????(? 2.27)??, ???????????. ? 2.29 
(a), (d), (g)???, ??????M?????, ??????M?????, ????
??M????????. ? 2.29(b), (e), (h)???, ????????-???????
?, ????????-????????, ???????-???????????. 
? 2.29(c), (f), (i)???, ????????-????????, ????????-??
??????, ???????-???????????. 
??????? 2.29(b)???????-???????????????????
(?????)?, ???????? 2.29(h)?????????????????. ??, 
??-?????, ??-?????????????????????, ??????
?????????. 
?
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4 mm
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0
-3π/2
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?
? 2.30: ??????????????(? 2.24)?????????? 
 
(a)??????M????? (b)????????-???????? (c) ????????-
????????? (d)??????M????? (e)????????-???????? (f)
????????-???????? (g)??????M????? (h)???????-???
?????? (i)???????-????????. 
?
? 2.30?, ???????????(? 2.27)??, ???????????. ? 2.30?
(a), (d), (g)???, ??????M?????, ??????M?????, ????
??M????????. ? 2.30(b), (e), (h)???, ????????-???????
?, ????????-????????, ???????-???????????. 
? 2.30(c), (f), (i)???, ????????-????????, ????????-??
??????, ???????-???????????. 
? 2.29????, ??????? 2.30(b)???????-????????????
???????(?????)?, ??????? ? 2.30(h)????????????
??????. ??, ??-?????, ??-??????????????????
???, ???????????????. 
?????????, ? 2.26 ????????????????????????
????????. ?????, ?????, ??????????????????
???????, ??? 2.3, ? 2.4???. 
?
?
4 mm
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? 2.3: ???????. 
 ????????? 
[μm] 
????????? 
[μm] 
??? 62.0 52.3 
???? 61.1 62.2 
?
?
?
? 2.4: ??????. 
 ????????? 
[ kPa] 
????????? 
[ kPa] 
??? 298 353 
???? 302 297 
?
?????, ?????????????????, 52.3 μm??????????
????????, ????????? 61.8 μm????????????????. 
???????, ?????????????????, 353 kPa??????????
??????, ????????? 299 kPa????????????????. ??
?????, ????????????????????????????????
???????. 
?????????????????,? ????, ???????????????
???. ????????????????? 2.32???.? ??????? B???
??????????, ??? 7? 1.7 mm, ??? 13? 3.1 mm, ??? 19? 4.5 mm, 
??? 25? 5.9 mm, ??? 31? 7.3 mm???. 
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?
? 2.32: ????????????????????? 
?
? 2.33?, ???????????????????????????????, ?
2.34????????????????????, ?2.35?????????????
????????, ? 2.36 ??????????????????????????
??????????. 
? 2.5 ??????????????, ?????, ? 2.6 ???????????
??, ???????. ?????, ??????? 2.3???????, ??????
????????????????? 10 μm?????????????????. ?
????, ??????????????????????? 1.5 μm ???????
??????, ????? 1 μm ?????????????????????. ??
????????????????????????????????????. ?
2.33, ? 2.34, ? 2.35, ? 2.36 ?????????, ???????????????
??????? 2.34?, ???????????????????????. ????
?, ?????????????????????????, ???????????
?????????????????????????. 
??????, ??????? 2.4 ???????, ??????????????
5 mm
line number
19 13 7 25 31 
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????????? 60 kPa?????????????????. ?????, ???
???????????????????? 10 kPa ?????????????, ?
???? 5 kPa?????????????????. ??????????????
????????, ????????????????????. 
?
?
? 2.33: ????????????????????????????? 
?
?
? 2.34 ????????????????????????????? 
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?
? 2.35?????????????????????????????? 
?
?
? 2.36 ???????????????????????????????
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? 2.5: ?????????????, ????. 
  ?????????
[μm] 
?????????
[μm] 
??? 
??? 62.4 51.7 
???? 1.1 1.5 
???? 
??? 60.7 60.5 
???? 1.0 1.0 
?
? 2.6: ????????????, ????. 
  ?????????
[kPa] 
?????????
[kPa] 
??? 
??? 297 358 
???? 5 10 
???? 
??? 304 304 
???? 5 5 
?
?
?
??? ??????????????
????, 2 ? 1 ??? 2 ? 5 ?????????, ??????????????
FC1(? 2.37)????????????. ? 2.38??????, FC1? FP1 ?????
?????????????????????, RF???? IQ??????????
????????????????????????????????. 
?
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?
? 2.37: ??????? FC1. 
?
?
? 2.38: ??????? FC1???. 
 
 
??????? 100 Hz ????????????????????, ??????
B???????????????. ????, 1??????????, ??????
??????????? M ???????????, ??????????????
?????????????. ?????, ?????????????, M ????
??????, ?????, ????-????, ????-????, ????-???
?, ????-????? 4????? SET?????????, ???????, 4?
???????????????????M?????????, ???, ?????
FP-1
processor
large
capacity
memory
RF data
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??, IMT?M?????????????. ? 2.39???????????, ? 2.40
?????????????????. M????????????, ???????
??????????, ?????????????????????, ??????
??????????. 
 
 
?
? 2.39: M????????????. 
media–adventitia border 
at the anterior wall
lumen–intima border
at the anterior wall
media–adventitia border 
at the posterior wall
lumen–intima border 
at the posterior wall
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?
? 2.40: ?????????????. 
 
 
 
??? ???
????? ?? ??????????????????
PI ?????????????????????????. ????, ?????, 
????????????????????, ?????????????????
??????????????, ?????????????????????6.1, 
7.0???[61], ??????????, ?????????. 
??, ???????????????????????????????????
??????????????????????????????????????
?. ? 2.41?, ???(????? 11.5 MHz, ??????? 11.0 MHz)?B?????, 
PI??????(????? 5.7 MHz, ??????? 5.5 MHz)??, PI??????
??(????? 5.7 MHz, ??????? 5.5 MHz)???. ? 2.42?, ? 2.41???
???? RF??, ????, ????????. ??????, ??????????
???. 
chnge in thickness of the posterior wall 
media–adventitia border at the anterior wall 
lumen–intima border at the anterior wall 
media–adventitia border at the posterior wall 
lumen–intima border at the posterior wall 
elasticity, maximum change  
in thickness, and IMT 
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?
? 2.41: ?????????????????????????? B????? 
(a)??? (b)PI??????? (c)PI??????. 
?
5 mm
anterior  wall
posterior  wall
lumen
anterior  wall
posterior  wall
lumen
anterior  wall
posterior  wall
lumen
5 mm 5 mm
(a) (b) (c)
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?
? 2.42: ?????????????????????????????? RF??, ????, 
?????, (a)??? (b)PI??????? (c)PI??????. 
?
??, ???, PI??????, PI??????????, ? 2.43???. A11????
????????????A1??????, A12? 1??????????A1?, 2??
???????? A2??????, ???? 1?????????? A2?, 2????
??????A1??????, A22????????????????A2??????
???. ???, ?????????????, ???? A11, A12, A22?????? 2.7
???. ?????????????????????, ?????????????
???????????????????. ???, A11??????????, PI??
??????????? 8.7 dB??????????????????.  
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?
? 2.43: ????????????????????????????????????. 
?
?
? 2.7: ??????????. 
 ??? 
[dB] 
PI? 
????? 
[dB] 
PI? 
????? 
[dB] 
A11????? -36.0 -41.6 -44.7 
A12????? -32.8 -31.8 -44.9 
A22????? -39.3 -31.0 -45.5 
 
 
???, ?????????????? 2 ????????????????. ??
??????????, ?????????, ??????????????????
? 2.44???. ??????????? 1.72 MPa, ????????? 3.71 MPa??
?, ??????????????????????. ?????, ????????
?, ?????????, ?????????????????????. 
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?
? 2.44: ????????(???????????). 
?
 
????????????? SN??, ? 2.44????, ????????????
????, ????????? 2.45 ????????????????.? ?????
??????????????? Z?????????????? Z = 1.17 × 106 Ns/m3, 
???????????? Z=1.48 × 106 Ns/m3???. ???? SN??????(2.15)
??????, 
                                                                        (2.15) 
 
??, -43.8 dB?????. 
??, ???? SN??????(2.16)??????, 
????????????????????????????????????????????????????????????????        (2.16) 
?
??, -56.4 dB?????. 
??????????, ???????????????????, ????????
??????????????? 1???????. 
 
5
1
depth [cm]
0 1 2 3
2
3
4
pr
es
su
re
  [
M
Pa
]
anterior
wall
posterior
wall
ant ant transducer ant
post ant post ant
× × ×
× × ×
P R R R
P T R T
?? ?? ??
? ? ?
2
ant ant transducer ant
2
post ant post ant
× × ×
× 2 × ×
P R R R
P T R T×
? ?
? ?? ? ?
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?
? 2.45: ??????????????????. 
 
??????  ?? ?????????????????????????
????
PI ?????????????????????????????????, ??
?????????????????, ????????????????????
??. ? 2.46(a)?, ?????????????????????????, ??-?
???????????????????? 2 ????????????. ? 2.46(a)
??, ???????????????? 2????????????? 0.18 rad??
??????????. 
???????????????????????, ?????????????
??????? 10 μm????????????, 10 μm?????????????
????????, ???????????????????????????. ?
2.46(b)?, ??????????-?????????, ? 2.46(c)?, ?????-??
?????????????. ???????????????-?????????
???? 12.9 μm??? 10 μm?????????????????. ???, ???
????????????-????????????????, ??-???????
?? 10 μm?????, ????????? 10 μm????????????????
????. ????, ????????????, ????????????????
????????????????. 
ultrasonic
transducer
Tant①
posterior
wall reflection
pass
multiple
reflection
passRpost②
Tant③
Rant
①'
Rtransducer
②'
Rant
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??
?
?
? 2.46: ??-????????????? 
(a)??-???????? (b)??-????????? (c) ??-????????????. 
 
 
??? ???
????, PI ?????????????????. ????????????, ?
???????????????????????????????????, PI??
???????????????????, ???????????, ???????
???????????. ???, ???????????????????????
??????????, PI???????????????????????????
?????????.  
?????????????, ???????????????????????. 
????, ???????????????? SN??????????????,??
????????????????????????????????. 
????, ?????????????????????????, ???????
???????????????, ??????????????????????
(a) 
harmonic component
doubled fundamental component
π
0
-π
radian
0
-100
μm
-300
0
μm
-15
(b) 
evaluated from harmonic component
evaluated from 
fundamental component
(c) 
0
1.3
time [s]
0.65
(a)
(b)
(c)
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?. ???????????????????????????????, PI????
???????????????????????????????, ??????
????????????. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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? ???
?
??????????
?
??? ???
??????????????????, 1.2.2 ?????????,? ??????
???????????????????????????????????????
?????????????????????????????IMT????????
??????????. ????????????????????????????
????????????????????????????, IMT????????
????????????. Touboul?? 1992??????????-????????
???, ??-???????????????? IMT?????????[62]. Gariepy
?? 1993 ?????????????????????????????????, 
IMT??????????????[63]. Selzer?? 1994?? 3??????????
[64, 65]. ? 1 ???, ???????????????, ? 2 ???, ???????
???????????????????, ? 3???, ?????????????, 
???????????????. Beux??B?????????Gradient?????
?????[66]. Selzer?Beux????????, B???????Gradient?????, 
B ????????????????????. ??????, ?????????, 
???? B ??????, ??????????????????????????
????. ??????????????????, ???????????????
?????????[67-72]. ??????????, Liang ??, Multiscale Dynamic 
Programming (DP) ?????????????. ????, ????????, ???
???, Gradient, ??????????????????[67]. ????, ?????
?, ?????????, ?????????????????????, Multiscale 
DP?????????????. 
?
?
?
?
- 61 - 
??? ????????
? ??????????, ???????????[65]?, ? 3.1??????, ???
???????????????, ??????????, IMT ??????????
???????. 
????????????????????????????????????, 
Liang??, Multiscale Dynamic Programming (DP) ???????????. Multiscale 
DP ??, ?????????????????????????, ????????
????. ????????, ??????, Gradient, ??????????????
????[68]. 
  M×N?????????, N? node??? polyline vector b????,   
 
                                                                         (3.1) 
 
? bi, ?????? C(bi)??????? 
 
                                                                         (3.2) 
 
? I ?????????????????, ?????????????, ? G ??
????? Gradient ??????????????????????, ? D ????
????????????, ??????????????. ? 3.2 ????????
???????. ?????, ???????? 1 ????? 1 ????(????)?
???????, ? 2??????????????, ? 2????????????
?? 3??????????????, ???, ? N???????????????
?. ???, ? 1????? 2??????, ??????????, ?????, ?M
??????, ??????????, ???????????.?
??????????? O(MN)?????????????. ????? C(bi)???
???? 2?????????????????(DP)????, ????O(N×M 2)??
??, ??????????.  
??????, Liang????[68]?, ??????????????, ? D ?????
???????????????????, ??????????????????
??????. ??????????????, ?????????????????
?????????????????????????????????. 
?
1 2 1( , , , , , , ),i i Nb b b b b b−= ??? ???
1 2 3 1( ) ( ) ( ) ( ).i i i i iC b w I b w G b w D b b−= + + −
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?
? 3.1: ??????????????????. 
?
?
? 3.2: ??????????. 
?
?
B-mode image edge auto 
detection
result
2 mm
N
M
・ ・ ・・ ・ ・
・・・
- 63 - 
??? ????????????????
?????, ??????????????? B??????????. ?????
?????? B ????????????, 1) ?????????????????
?????, 2) ?????????????? ???. ?????????????
?????, ??????????????????? 1.2?10-1 mm/pixel, ?????
??????? 3.5?10-2 mm/pixel???.  
??????????????? 3.3 ???. ???, ?????????????
???????, ??? 3??????????. ??, ??????? 3???DP?
????, ??, ?????-????, ?????-?????????. ??? 3??
???????????-????, ?????-?????????, ??? 2 ???
?????-????, ?????-???????????. ??? 2 ???????
??????-????, ?????-??????????????, ???????
??????. ???????????? 1 ?????????? DP ?????, ?
???????????????????-?????????. ???, ?????
??????????????????? 1?????????? DP?????, ?
???????-?????????. 
?
?
? 3.3?????????????
gaussian pyramid to decompose to level 3 image 
the coarsest scale (level 3 image) DP, detect lumen,
anterior wall, and posterior wall
coarse scale (expanded level 2 image) DP, detect media
-adventitia boundary of anterior wall and posterior wall
phased-tracking method, detect minimum diameter timing 
fine scale (expanded level 1 image) DP, detect media
-adventitia  boundary of anterior wall and posterior wall
at minimum diameter timing
fine scale (expanded level 1 image) DP, detect lumen
-intima boundary of anterior wall and posterior wall
at minimum diameter timing
- 64 - 
????????????????
? ???, ????, ??????????????????, ??????????
?????????????????, ???????? 5 pixcel ×5 pixcel , ???? σ
? 1 pixcel??????????????????????.  
  Level 1????, ??????????, ???????????????????
????. ???? pixcel ?????????????????, ?????????
?????????, ???????????, ?????????????????
????, ???????????????. Level 2, Level 3???????????
?????????????????3. 4???.? Level 3????, ?????, ??, 
????????????????.?  
?????, ?????????????????????????, ? 3.5 ???. 
Level 0 ?? Level 3 ?????????, ???????????????????, 
?????????????????????????????????????. 
?
?
? 3.4: ????????????. 
 
?
?
Level 0
(Original)
Level 1
Level 2
Level 3
3.8 mm
11.8 mm
l vel 0
(original)
level 1
level 2
level 3
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?
? 3.5: ????????????????????????. 
?
?
?????? ?????? ????????????????????
? ?(3.1)?????M×N?????????, N? node??? polyline vector b???, 
? bi?????? C(bi)??(3.3)?????. 
1 2 3 1 4 1( ) ( ) ( ) ( ) ( , ),i i i i i i iC b w I b w G b w D b b w R b b− −= + + − +  ? ? ? ? ? ? ? ? ? (3.3) 
 I, G, D, R?????????, w1, w2, w3, w4?Weight Factor???, ????????
???????????????.  
? I ?????????????????????, ????, ??????????
???. G??, ??????Gradient??????????, ???????????
????. D??, ??????????, ??????????. ?????????
??????????????, ?(3.4)??????????. 
1
1 1
1
( ) , for ,
, for ,
i i
i i i i
i i
b b
D b b b b L
L
b b L
−
− −
−
−
− = − −
=−∞ − >
?
                                (3.4)?
L?????????????????, 5 pixel (?????????? 0.18 mm)???
??. R ??, ????????????????, ???????????????
???????????????. 
? Polyline????????????????, ??????(3.5)???????. 
 Level 0
(Original )
Expanded
Level 1
Expanded
Level 2
Expanded
Level 3
3.8 mm
11.8 mm
level 0
ori i )
expa
level 1 
ex
level 2
expa
level 3
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1
( ).
N
sum i
i
C C b
=
= ∑ ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? (3. 5)?
? ??????????????, ????????. ?????, M×N ???? 
O(MN)??????????, ???????????????????????. ???
??????????, DP????, ???? O(N×M 2)????[67, 73]. 
?
?
?????? ????????????? ????
? ?????, 20?60???????? 20?????????. ?????? 10??
???????????????????, Weight Factor?????.? ??????10
?????, ??????????.  
  Weight Factor? 4?????, w1 + w2 + w3 + w4 = 1??????????, 3?????
????. ????, w1 ,w2 , w3? 1/8 step????, w1 + w2 + w3 ≤ 1???? 165?????, 
??????????????????????????????????????. ?
?????????? RMS????????????????????. 
2
1
1 ( ) ( ) ,
bN
RMS auto man
lb
e d l d l
N
=
= −∑                                          (3. 6)?
l???????????????????, dauto(l) ? dman(l)?, ??????????, ?
????????????. Weight Factor?, ????-????, ????-????, ??
??-????, ????-??????????, ??????Weight Factor?????.  
  ?????, ????-????? eRMS? w1, w2, w3, w4?????????? 3.6???. 
?
?
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?
? 3.6: ??????????????? RMS?????(????-????) 
(a) w1?????? (b) w2????? (c) w3????? (d) w4?????. 
?
eRMS??, ??????????????. eRMS?, w1, w2, w3, w4?????? 0?????
?????????, I, G, D, R??????????????????????. RMS
????????(w1, w2, w3, w4)???, ? 3.6?? C?(3/8, 1/8, 1/8, 3/8)????.  
????????, ????-????, ????-????, ????-????? RMS
????????(w1, w2, w3, w4)???, ??(1/8, 3/8, 1/8, 3/8), (1/4, 1/4, 1/4, 1/4), (3/8, 1/8, 
1/8, 3/8)????. ????????? 3.4????. 
? RMS ?????????????, ?????????????????, ?????
?????????????????????????????. ??????????
??????????????????????????, ????-????? eRMS? w1, 
w2, w3, w4?????????, ??? 3.7, ? 3.8???. 
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? 3.7: ?????????????????? RMS?????(????-????) 
(a) w1?????? (b) w2????? (c) w3????? (d) w4?????. 
 
 
? 3.8: ?????????????????????? RMS?????(????-????) 
(a) w1?????? (b) w2????? (c) w3????? (d) w4?????. 
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? ????????, RMS????????(w1, w2, w3, w4)???, (3/8, 1/8, 1/8, 3/8)???
??, ????????????????????????, Weight Factor??????
??????. ???, ??????, ??, Gradient????????????????
????????? Weight Factor ????????????, ???????????
???, ???????????????????????. 
 
?????? ?????????? ?????
? ? 3.6??A (3/4, 1/4, 0, 0), ?B(1/2, 1/4, 1/4, 0), ?C(3/8, 1/8, 1/8, 3/8)????, ?C?, 
? A, ? B??? RMS???????????, ? 3.9????????.  
? ? 3.9 ?????? Level 1 ???,?????-????? 3D ???????. ? 
3.9(a)????, ? 3.9(b)??????????????????. ??????????
?, ???????? 1-3???, 10-16????????????.  
?
?
? 3.9: (a) Zoom?? Level 1?? (b) Level 1?????-??????? 3D??????. 
?
? 3.10(a)?, ??????????????????????????????????
??. ? 3.10(a) – ? 3.10(d)????, ? 3.9(a)????, ? 3.9(b)???????????
???????. ????????, ???????????????????????
????????(11-15 ???)??????, ???????????????????
??????. ? 3.10(b)?, ? A (3/4, 1/4, 0, 0)? Weight Factor??????, ???? D
Intensity
x (Line)
y 
(sampling)
y 
0
0 x
valley of 
Speckle Noise
(a) (b)
)( ibI
3.8 mm
(33 lines)
4.4 mm
(126
sampled
points)
i
line)
s ec le noise
 
x 
y 
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?? R?????????????????. ?A???????, ?????????
???, ??-??????????, ??????????????????? 2??
(1-4 ???? 11-15 ???)?, ??-??????????????????????
?????????. ???????????RMS???0.11 mm????. ?3.10(c)
?, ? B(1/2, 1/4, 1/4, 0) ?Weight Factor??????, ???? R?????????,?
?????????. ? B ???????, ??????????-?????????
??????????????????????. ???, ? D??????????
????????????????, ??????????????-???????
????????, ??, ???????????????????????????
???????????. ??????????? RMS ??? 0.14 mm ????. ?
3.10(d)?, 3.3.3??????????C(3/8, 1/8, 1/8, 3/8)?Weight Factor????????
????????. ? C ? Weight Factor ?????????, ???????????
RMS???0.03 mm??????????. ?????, ??????????????
R?, ????????????????????????????????????
?. 
?
? 3.10: ?????????????????? 
(a)???????????????????? 
 (b)? A, ? I? G???????????? 
(c) ? B, ? I? G? D?????????? 
(d)? C, ? I??? D? R??????????(????). 
 
(a) (b) (c) (d)
3.8 mm
4.4 mm
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??? ??????????
????????????????
?????????, ??????????, ??????????????, ??
??????????????????????????????????????
??????. ???????????, ???????, ?? 1.1 mm, ?? 8 mm?
??. ???????????, ????????? 5%????????. ????
????????????????????????????, ?????????
????????????. ????????, ? 3.11 ???. ????, ?????
??????????FAZONE m???????????????L10-5????. ?
??????????, ??????????????1,030 m/s, ?????1,480 m/s
???, ??, ?????????????. 
?
?
? 3.11: ?????????????????. 
?
?
????????????????
? 3.12?, B??????, ?????????. ??, Weight Factor?, 3.3.3???
?????????. ? 3.12(a)???????????? B ?????, ? 3.12(b)?
stepping
motor 
pump
ultrasonic
transducer
rubber tube
water tank
beef
laser 
displacement 
meter
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I?? G??????????????, ? 3.12(c)? I?, G?, D?????????
???, ? 3.12(d)? I?, G?, D?, R?????????????????.  
?
?
? 3.12: ?????? B???????????? 
(a)B?????. (b)? I? G????????. 
(c)? I? G? D??????. (d)? I? G? D? R??????. 
?
??????????????????????????????????????
?????????????????????????????????????? ????
????
?
?
?
?
?
(b)(a) (c) (d)
2 mm
2 mm
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? 3.1: ???????????????????????????. 
 (b)? I? G?? 
?????? 
[mm] 
(c)? I??? D 
?????? 
[mm] 
(d)? I??? D 
?R??????
[mm] 
????? 
[mm] 
???? 1.18 1.09 1.09 1.10 
?? 0.08 -0.01 -0.01 - 
?
? 3.2: ???????????????????????????. 
 (b)? I?G???
????? 
[mm] 
(c)? I??? D 
?????? 
[mm] 
(d)? I??? D 
?R??????
[mm] 
????? 
[mm] 
???? 1.05 1.04 1.06 1.10 
?? -0.06 -0.06 -0.04 - 
?
??, ?????(d)? I?, G?, D?, R????????????????????
??????????????. ????????, ???????????????
???????????. ????, ????????????, ?????????
???????????. ???????????????????, ???, (b)? I
?? G?????????, (c)? I?? G?? D????????, ????????
??????????????, ??????????????, ?????????
?. ???, (b)? I?? G?????????, (c)? I?? G?? D????????
?, ????????????????????????????????????
????????. ???????(d)? I??G??D?? R?????????, ?
???????????????????, ???????????????, ???
??????????????????????????????????????
??. 
?
???????????????????
? 3.3 ????????????????????, ????????? 10 ????, 
????????. (??????????????????????. ??: ????
????#018.) Weight Factor?, 3.3.3????????????. 
??, ??????????????????????????? 3.13 ???. ? 
3.13(a)???????????? B?????,?  ? 3.13(b)? I?? G??????
????????, ? 3.13(c)? I?, G?, D????????????, ? 3.13(d)? I
?, G?, D?, R??????????????????, ? 3.13(e)????????
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??????????????????????????????????. 
?
?
? 3.13: ?????(??????)? B??????????????????????? 
(a)B?????. (b)? I? G????????. (c)? I??? D??????. 
(d)? I??? D? R??????. (e)???????????. 
?
? ? 3.13??, ??????????????????????????, ?????
?????, ???????(d) ? I? G? D? R????????????????
???????????????. (c)?? I ? G ? D ????????, ?????-
??????????????????????????????, ??-?????
????, ??????????, ??-????????????????????
?. (b)?? I? G??????????, ?????-????????, ??????
????????, ??-?????????, ?????????, ?????-??
???????????????????????????????. 
??, ????????????????????? 3.14 ???. ? 3.14(a)???
????????? B?????, ? 3.14(b)? I?? G?????????????
?, ? 3.14(c)? I?,G?? D????????????, ? 3.14(d)? I?,G?,D? R
?????????????????, ? 3.14(e)????????????????
??????????????????????????. 
?
?
(a) (b) (c) (d) (e)
2 mm
2 mm
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?
? 3.14: ?????(??????)? B??????????????????????? 
(a)B?????. (b)? I? G????????. (c)? I? G? D??????. 
(d)? I? G? D? R??????. (e)???????????. 
?
? ? 3.14??????, ????????, ???????(d)?? I? G? D? R?
?????????????????????????????, ????????
????????????????. (c)?? I? G? D??????, (b)?? I? G?
??????????, ????????????????-?????????, ?
????????, ?????????????????????????. ????
?, ?????-??????, ?????????. 
??????????????????, ????????? 10 ????, ???
????????????????????? RMS???? 3.3???. 
 
? 3.3: ???????? RMS??. 
 ? I? G???? 
[mm] 
? I, G, D??? 
[mm] 
? I, G, D, R??? 
[mm] 
RMS?? 0.07 0.05 0.03 
? ?
???????????? RMS?????????????????
?
(a) (b) (c) (d) (e)
2 mm
2 mm
(a) (b) (c) (d) (e)
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???????????????????????????????
??
????, 3.3??? 3.4?????????, ?????????????? FC1(?
2.37)????????????. ????(IMT)???, ???????????, IMT
????? ROI????, SET???????????, IMT???????????
?. ???????????????????????? 3.15?, ?????????
?????????3.16???. ????????, ??? IMT??????????
???. ?????????????????, ?????????????????
????, ????????????????????. 
?
?
? 3.15: ???? IMT???????. 
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?
? 3.16: ???? IMT???????. 
?
???????
?????????????????????????????????. Liang ?
?, ????????, ??, Gradient, ?????????????????????
?, DP Programming ????, ????[67].? ??????, ??????, ????
????????????, ?????????????????????????
??????????. ??????, 3.4????????, ???????????
????????????????,? ?????????, ????????, ??
?????????????????????, ????????????????
??????????????????????????????. ???????
??????????????????????, ?????????????, ??
?????????????????????, ????????????????, 
????????????????????. ?????????????????, 
??????????????????, ???????????????????
????.? ??, Gradient????????????????????,? 3.3.2?, 3.3.3
?????????, Gradient????, ??????????????, ??????
?????????. ??? Gradient ??, ?????, ?????????????
????????????, ??????, ???????????????????
- 78 - 
?????????????????????. 
?
?
???????
????, ?????????????, ???, ???????????????
??????, DP?????. ????????, ????????????????
????????????. ???????????????, ??????????
????????????????????????????????. ?????, 
???????, ????????????????????????. ??????
????????????????, ??????????????, ???????
??????. ????, ????????? 10????????????, ????
??????????????, ??????????????????????. ?
?, ?????????????, Weight Factor ????????????? Deep 
Learning???????????????????????. 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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? ???
?
???
?
? ?????, ?????????????, ??????(IMT)?????????
??????????????. ??, ?????????????, ???????
???, ?????????????.  
?????????????????, ?????????, ??????????
??????, ???????????????. ???, ??????????, ?
?????? IMT?????????????????????????. ?????
?, ?????????????, ??????????, ???????, ????
???????????????????????,? ??????????????
???. ???, ?????, ???????, ?????????????????
??????????????????????,  IMT???????????. 
???????????????????. 
? 1 ???????, ??????, ?????, ???????????????
?????????. 
? 2???, ??????????????????(PI)????????????, 
PI ?????????????????. ???????????????????
??????????????, PI???????????????????????
?????????????. ?????, PI? ?? 5.5 MHz, ?? 11.0 MHz????, 
??? 11.0 MHz?????????????????????????, ?? PI??
????????????????????????. ????????????, ?
??????????????????????????????????, PI???
??????????????????, ???????????, ????????
??????????. ????, ????????M?????????, ????
???. ???, ?????????????, ????????? RF ??????
??????????????, ????? RF ?????????????????
?????. ????, ???????????????? SN ??????????
????, ??????????????????????????????????.  
? 3 ???, ?????????????, ???, ??????????????
???????, DP??????. ????????, ??????????????
??????????????. ???????????????, ????????
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??????????????????????????????????. ???
??, ???????, ????????????????????????. ???
????????????????????????, ?????????????
???????????????????, ??????????????????
?????????????. ????, ?????????????, ??????
?. 
? 4??, ?????, ?????. 
?????????, ????????????????????, ???????
?????????????(IMT)???????????????????, ???
?????????????????????, ???, ??????, ??????
??????. ????, ??????????????????. ????????
???????????????????????????, ??????????
IMT, ??????????????????????????????. ?????
??????, ???????????????, ????????????????
???????????????. 
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
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